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1. Introduction 
Supercritical water is used in various chemical reaction processes including hydrothermal synthesis of 
metal oxide nano-particles, oxidation, chemical conversion of biomass and plastics. The critical 
temperature Tc and pressure Pc of water are 374 oC and 22 MPa, respectively. Density of the supercritical 
water depends much on its temperature and pressure as shown in Fig. 1 and much less than that of the 
subcritical water. 
Adschiri et al. [1] had proposed a hydrothermal synthesis by mixing subcritical metal solution and 
supercritical water in a T-junction to make nano-particles of metal oxide. It was estimated that sizes of the 
metal oxide were small since the chemical reaction velocity was high and the solubility was low in the 
supercritical water. It was reported that the particle sizes depend much on the mixing method and the 
hydrothermal conditions of pressure, temperature and flow rate of supercritical and subcritical water. 
However, the conditions to obtain appropriate particle sizes were determined by try and error since 
mechanism of the mixing process was not known and its visualization in high temperature and pressure 
conditions was difficult. 
Applications of neutron radiography to flow visualization of supercritical water have already reported. 
Peterson et al. have studied salt precipitation processes in supercritical water [2, 3] and the flow pattern in 
a reverse-flow vessel for salt precipitation [4], and Balaskó et al. have revealed the behavior of 
supercritical water in a container [5]. 
The neutron radiography was applied to the flow visualization of the supercritical and subcritical 
water mixture in a T-junction made of stainless steel pipes for high pressure and temperature conditions 
to investigate their mixing process. Still images by a CCD camera were obtained by using the neutron 
radiography system at B4 port in Kyoto University Reactor (KUR). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Density of water near the supercritical point 
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2. Experimental apparatus and methods 
Fig. 2 shows a schematic diagram of the present experimental apparatus. The subcritical water at room 
temperature simulating the metal solution and the supercritical water at around 390 oC are supplied to the 
T junction made of 1/4 inch stainless steel pipes and a Swagelock tee under pressure of 25 MPa.  
Thermal neutrons were irradiated to the observation area at the T-junction. The 6LiF converter and a 
cooled-CCD, 1024x1024 in pixel numbers, about 50 m in pixel size and 16 bits in dynamic range were 
used to obtain still images with exposure time of 60 sec. Horizontal L/D was about 1000 by using a slit 
1mm in horizontal width. 
The present experimental conditions were shown in Table 1. They are in the range of the hydrothermal 
conditions when the nano-particles are made.  
3. Visualized results 
Figs. 3 (a), (b) show original neutron radiography images of the Swagelock tee filled with the 
supercritical and the subcritical water, respectively.  It can be seen that the neutron attenuation by the 
supercritical water is much lower than that by the subcritical water and they could be clearly 
distinguished.. 
Effects of the subcritical water flow rate on the mixing state with the constant super critical flow rate 
are shown in Fig. 4. It can be seen that the downwards supercritical water penetrates to the subcritical 
water in the horizontal pipe with decreasing the subcritical flow rates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Schematic diagram of experimental apparatus 
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Run 
No. 
Supercritical water 
temperature 
 [oC] 
Supercritical water 
flow rate 
[cc/min] 
Subcritical water 
flow rate 
 [cc/min] 
1 398 4 0 
2 396 4 2 
3 396 4 5 
4 395 4 10 
5 398 4 20 
6 384 8 1 
7 385 8 2 
8 392 6 0 
9 395 6 1.5 
10 395 6 3 
11 396 6 4 
12 396 6 10 
 
Table 1 Experimental conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) filled with supercritical water           (b) filled with subcritical water 
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Fig. 3 Neutron radiography images at T-jumction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
subcritical water flow rate 
2 cc/min                            5 cc/min                           10 cc/min                        20 cc/min      
 
Fig. 4 Mixing of supercritical and subcritical water, supercritical water flow rate 4 cc/min 
4. Conclusion 
Visualization of the mixing process of the supercritical and the subcritical water were conducted by 
using the neutron radiography. It was shown that the supercritical and the subcritical water could be 
clearly distinguished. It is expected that the neutron radiography is applicable to chemical process 
researches using the supercritical water.. 
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